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The present invention relates to a nucleic 
acid sequence encoding a mutated hydroxyphenylpyruvate 
dioxygenase (HPPD) , to a chimeric gene which comprises 
this sequence as the coding sequence, and to its use 
for isolating plants which are resistant to certain 
herbicides . 

The hydroxyphenylpyruvate dioxygenases are 
enzymes which catalyse the reaction in which para- 
hydroxyphenylpyruvate (HPP) is transformed into 
homogentisate. This reaction takes place in the 
presence of iron (Fe 2 *) and in the presence of oxygen 
(Crouch N. P. et al . , Tetrahedron, 53, 20, 6993-7010, 
1997) . it may be hypothesized that the HPPDs contain an 
active site which is capable of catalysing this 
reaction, in which iron, the substrate and the molecule 
of water link together, although such an active site 
has not so far been described. 

Some molecules which inhibit this enzyme, and 
which bind to the enzyme competitively in order to 
inhibit transformation of the HPP into homogentisate, 
are also known. Some of these molecules have been used 
25 as herbicides since inhibition of the reaction in 

plants leads to whitening of the leaves of the treated 
Plants and to the death of the said plants 
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(Paliett K.E. et al . 1997 Pestic. Sci. 50. 83-84). The 
herbicides for which HPPD is the target, and which are 
described in the state of the art, are, in particular, 
isoxazoles (EP 418 175, EP 470 856, EP 487 352, 
EP 527 036, EP 560 482, EP 682 659, US 5 424 276), in 
particular isoxaf lutole , which is a selective herbicide 
for maize, diketoni triles (EP 496 630, EP 496 631), in 
particular 2 -cyano-3 -cyclopropyl-1- ( 2 -S0 2 CH 3 -4 -CF 3 
phenyl ) propane-1 , 3 -dione and 2 -cyano-3 -cyclopropyl-1- 
( 2 ~S0 2 CH 3 -4-2 , 3Cl 2 phenyl ) propa>ne-l , 3 -dione, tr ike tones 
(EP 625 505, EP 625 508, US 5,506,195), in particular 
sulcotrione, or else pyrazolinates . 

Three main strategies are available for 
making plants tolerant to herbicides, i.e. (1) 
detoxifying the herbicide with an enzyme which 
transforms the herbicide, or its active metabolite, 
into non-toxic degradation products, such as, for 
example, the enzymes for tolerance to bromoxynil or to 
basta (EP 242 236, EP 337 899); (2) mutating the target 
enzyme into a functional enzyme which is less sensitive 
to the herbicide, or to its active metabolite, such as, 
for example, the enzymes for tolerance to glyphosate 
(EP 293 356, Padgette S.R. et al . , J. Biol. Chem . , 266, 
33, 1991); or (3) overexpressing the sensitive enzyme 
so as to produce quantities of the target enzyme in the 
plant which are sufficient in relation to the 
herbicide, in view of the kinetic constants of this 
enzyme, so as to have enough of the functional enzyme 



available despite the presence of its inhibitor. 

It is this third strategy which was described 
for successfully obtaining plants which were tolerant 
to HPPD inhibitors (WO 96/38567), with it being 
understood that this was the first time that a strategy 
of simply overexpressing the (non-mutated) sensitive 
target enzyme was successfully used for conferring on 
plants agricultural level tolerance to a herbicide. 

Despite the success obtained with this 
strategy of simply overexpressing the target enzyme, it 
is still necessary to improve the system of tolerance 
to HPPD inhibitors in order to obtain a tolerance 
whatever the conditions under which the tolerant plants 
are cultivated, or the commercial doses at which the 
herbicides are applied in the fields, may be. 

The present invention therefore relates, 
first and foremost, to a mutated HPPD which, while 
being functional, that is to say while retaining its 
properties of catalysing the transformation of HPP into 
homogentisate, is less sensitive to HPPD inhibitors 
than is the native HPPD before mutation. 

In view of the competitive character of the 
inhibition, it may be hypothesized that the HPPD 
inhibitors bind to the enzyme in its active site, or in 
the vicinity of this active site, so as to block access 
of the HPP to this active site and prevent its 
transformation in the presence of iron and water. By 
effecting a mutation which limits the access of the 



inhibitor to the active site of the enzyme, while at 
the same time safeguarding access of the KPP to the 
active site, it is possible to obtain functional 
mutated enzymes which are less sensitive to HPPD 
inhibitors . 

It was then observed that, by mutating the 
enzyme in its C- terminal part, it was possible to 
obtain functional HPPDs which were less sensitive to 
HPPD inhibitors, such that expression of these 
functional HPPDs in plants improves the tolerance of 
the plants to HPPD inhibitors. 

The present invention therefore relates to a 
novel functional mutated HPPD which is less sensitive 
to HPPD inhibitors and which contains at least one 
mutation in its C-terminal part. 

According to the invention, "mutation" is 
understood as being the replacement of an amino acid o 
the primary sequence with another amino acid. The 
expression "mutated amino acid" will be used below to 
designate the amino acid which is replaced by another 
amino acid, thereby designating the site of the 
mutation in the primary sequence of the protein. 

Several HPPDs and their primary sequences 
have been described in the state of the art, in 
particular the HPPDs of bacteria such as Pseudomonas 
(Ruetschi et al . , Eur. J. Biochem., 205, 459-466, 1992 
WO 96/38567), of plants such as Arabldopsis 
(WO 96/38567, Genebank AF047834) or of carrot 
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. _,.nc , an ^nk 87257) of Coccicoides (Genebank 

(WO ^0/3 0_>u/, * 

COITRP) or of mammals such as the mouse or the pig. 

By aligning these known sequences, by using 

-r z>r-t- ^nrh as, for example, 

the customary means of the art, sucn as, 

the method described by Thompson, J.D. et al . 
(CLUSTAL W: improvxng the sensitivity of progressive 
Itiple sequence alignment through sequence weighting, 
ositions-specific gap penalties and weight matrix 
choice. Nucleic Acids Research, 22; 4673-4680, 1994), 
and accessing these computer .programs for sequence 
alignment which are accessible via the Internet, for 
example, the skilled person is able to define the 
sequence homologies in relation to a reference sequence 
and find the key amino acids or else define common 
regions, making it possible, in particular, to define a 
C-terminal region and an N-terminal region on the basxs 
of this reference sequence. 

In the case of the present invention, the 
reference sequence is the Pseudomonas sequence, with 
all the definitions and indications of the positions of 
particular amino acids being made with respect to the 
primary Pseudomonas HPPD sequence. The attached 
Figure 1 depicts an alignment of several HPPD sequences 
which are described in the state of the art; these 

^ t-h resoect to the Pseudomonas 
sequences are aligned with respecc 

„ rhe reference sequence and comprise 
HPPD sequence as trie ^^ ieiCi ^ 

^„ ~e qt^eotomyces avermitilis 
the HPPD sequences Oj- ^u^^uumy 

(Genebank SAV11864), of Daucus carota (Genebank 
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DCU 87257). of Araoidopsis thaliana (Geneban* 
,.047034,, of zea .ais. of Horded vui*.r. <Geneban, 
KVAJ693,. of Mycosphaerella gra^inicoia .GenebanK 
.P03B152,, of Coccicoides i^i. C0ITRP » 
o£ Mus nusculus (Geneban, MU54HD) . This figure grves 
the numbering of the ammo acids of the Pse 

. and also the amino acids which are common to 

sequence ana aibu un^ 

these sequences, with these amino acids being 
designated by an asterisk On the basis of such an 
anient. It is easy, from the definition of the 

Pseudomonas amino acid by its position and its nature. 

to identify the position of the corresponding ammo 

th the alignment of 
acid in another HPPD sequence (with the 

«f different plant, mammalian and bacterxal 
sequences of dirrerenu & 

-v^t- this method of alignment, 
origin demonstrating that this met 

which is well known to a skilled person, can be 

generalized to any other sequence) . An alignment of 

^= i«; also described in Patent 
different HPPD sequences is also a 

Application WO 97/49816. 

Th e C-terminal part of the HPPDs , which is 

of the enzyme is located, differs 
where the active site of trie en y 

. 3l nart by a linking peptide which 
from its N-termmal pare d Y 

^t-ability of the enzyme and its 
ensures the scaDin 

, „ = uppn is a tetramer 
. =) .4 on (t-he pseudomonas HPFD is» 
oligomerization ^crie 

, . = = the diagrammatic 

while the plant HPPDs are dimers), as the 

„ • .the tertiary structure of the Pseudomonas 

depiction or the tei^aiy 

^■^^p o demonstrates. This 
HPPD monomer shown m Figure 2 

« obtained by the customary methods of 
structure was obtained uy 
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studyxng crystal X-ray diffraction. The linking peptide 
mak es it possible to define the N -terminal end of the 
C-terminal part of the enzyme, with the said peptide 
being located between amino acids 145 and 157 in the 
case of Pseudomonas (cf. Figure 1). 

The C-terminal part can therefore be defined 
as consisting of the sequence defined, on the one hand, 
by the linking peptide and, on the other hand, by the 
C-terminal end of the enzyme, with the mutation which 
is effected in the C-terminal part of the HPPD 
therefore being effected in the region which has thus 
been defined. Two amino acids, which are in positions 
161 and 162 in the case of the Pseudomonas sequence 
{D = As P 161 and H = Hisl62) , will be noted in all 
sequences shown in the sequence alignment depicted in 
the attached Figure 1. With reference to the 
Pseudomonas HPPD, it is therefore possible to define 
the linking peptide Which represents the N-terminal end 
of the C-terminal part of the HPPD as being located 
between approximately 5 and 15 amino acids " upstream of 

the amino acid Aspl61. 

According to a preferred embodiment of the 
invention, the mutation is effected on amino acids 
which are replaced with amino acids exhibiting greater 
steric hindrance or else with an ionized or ionizable 
amino acid. Preferably, the mutation is effected on 
amino acids which have low steric hindrance. According 
to the invention, an amino acid of low steric hindrance 
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is preferably understood as being glycine or proline. 

Any amino acid which exhibits greater steric 
hindrance than the replaced amino acid can be employed 
for the mutation according to the invention. 
Preferably, the amino acids of the mutation site are 
replaced with the following amino acids: leucine, 
isoleucine or tryptophan. 

According to the invention, an ionized or 
ionizable amino acid is understood as being any amino 
acid which exhibits, in addition to the groups which 
enter into the peptide bond, an amino, carboxylic acid 
(COOH) or ammonium or -COO" group. The following amino 
acids of this nature are preferred: glutamine and 

glutamic acid. 

According to a preferred embodiment of the 
invention, the mutation is effected on an amino acid of 
the C-terminal part which is common to several HPPD 
sequences, with it being possible to identify these 
latter by the sequence alignment method. 

According to a particular embodiment of the 
invention, the mutated HPPD contains, in its C-terminal 
part, the following peptide sequence: 

- Phe - Xaa - Glu - Xab - Asn - Phe - 
in which Xaa and Xab, independently of each 
25 other represent glycine (Gly) or an amino acid which 
exhibits a hindrance which is greater than that of 
glycine, with it being understood that if either Xaa or 
Xab represents Gly, the other amino acid is then 
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' different from Gly. Advantageously, at least one of Xaa 
and Xab represents Leu, Glu, Trp or He. 

With reference to the Pseudomonas HPPD 
sequence, the mutated amino acids are selected from the 
£ 5 following amino acids: Pro215, Gly298, Gly332, Phe333, 
Gly334 and Gly336, more preferably the amino acids 

Pro215 and Gly336. 

The following preferred examples of mutations 
may be cited: Pro215Leu, Gly336Glu, Gly336Trp or 
10 Gly336Ile. 

It is understood that the above-described 
mutations can be combined in pairs, such as, for 
example, a double mutation of the amino acids Gly3 34 

£j| and Gly33 6. 

15 The present invention also relates to a nucleic acid 
sequence which encodes a mutated HPPD as described 
above. According to the present invention, a "nucleic 
acid sequence" is understood as being a nucleotide 
sequence which can be of the DNA or RNA type, 

20 preferably of the DNA type, and in particular double- 
stranded, whether it be of natural or synthetic origin, 
in particular a DNA sequence in which the codons which 
encode the mutated HPPD according to the invention will 
have been optimized in accordance with the host 

25 organism in which it is to be expressed, with these 

methods of optimization being well known to the skilled 
person . 

The sequence which encodes an original 
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unmutated HPPD can be of any origin whatever. In 
particular, it can be of bacterial origin. Advantageous 
examples which may be cited are bacteria of the 
Pseudomonas sp . type, for example Pseudomonas 
fluoresceins, or else cyanobac teria of the Synechocystis 
type. The sequence can also be of plant origin, in 
particular derived from dicotyledonous plants such as 
tobacco, Arabidopsis, umbelliferous plants such as 
Daucus carotta, or else monocotyledonous plants such as 
Zea mais or wheat. The coding sequences, and the way of 
isolating and cloning them, are described in the 
previously cited references, the contents of which are 
hereby incorporated by reference. 

The mutation can be effected in the nucleic 
acid sequence which encodes the original unmutated HPPD 
by any means which is appropriate for replacing, in the 
said sequence, the codon which encodes the mutated 
amino acid with the codon which corresponds to the 
amino acid which is to replace it, with the said codons 
being widely described in the literature and well known 
to the skilled person. 

Several molecular biological methods can be 

used to achieve this mutation. 

A first method consists in subjecting cell 
cultures to long-term selection pressure with an 
inhibitor of the HPPD, in the presence or absence of a 
mutagenic agent, with the HPPD gene then mutating 
spontaneously under the effect of this selection 
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pr essure and, where appropriate, the mutagenic agent, 
with the said gene having changed such that it encodes 
a mutated enzyme which enables HPPD activity to be 
expressed under conditions under which the unmodified 
enzyme is partially or totally inhibited. The cells can 
be plant cells or bacteria and, in this latter case, 
they can express a native HPPD (of bacterial origin) or 
an HPPD of another origin (bacterial, fungal, algal or 
plant) which has been introduced into the bacterium 
employed for the mutagenesis * in an appropriate form 
which permits expression of this HPPD, with the gene 
encoding the native HPPD of the said bacterium having 
preferably been deleted, if it exists. Such methods of 
transforming bacteria are well known to the skilled 
person, and are amply described in the literature, as 
are the methods of mutation (in particular: Sambrook 
et al., Molecular Cloning: A Laboratory Manual, Second 
Edition, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, New York) . 

When the cell is a plant cell which is 
expressing a native HPPD, the mutated HPPD can be 
isolated and cloned or else plants can be regenerated 
from the cell cultures using the customary methods. The 
resulting plants then express a functional mutated HPPD 
which is less sensitive to HPPD inhibitors than is the 
native HPPD. The methods of regeneration are amply 
described in the literature (including the previously 
cited references) and well known to the skilled person. 
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The cells which exhibit a mutated HPPD which 
is less sensitxve to HPPD inhibitors are selected using 
an appropriate screening aid. In view of the object of 
the present invention, and the sought-after solution, 
i.e. an HPPD which is less sensitive to HPPD 
inhibitors, a screening aid which is simple to 
implement consists in determining the doses of HPPD 
inhibitor which fully inhibit the original unmutated 
HPPD , and which are lethal for the cells which express 
this unmutated HPPD, in subjecting the cells, after 
mutation, to this predetermined dose, in isolating the 
mutated cells which have withstood this lethal dose, 
and then isolating and cloning the gene which encodes 

the mutated HPPD. 

This process of mutagenesis by cell culture 

• * ™,t- on a very substantial number of 
was carried out on a veij 

P seu domonas cells which were expressing their native 
HPPD (see. in particular, the specific examples 
described below). In all cases, the mutants which were 
isolated by the above-det ined selection method were 
mutants which exhibited a mutation in the C-terminal 

part of the HPPD. 

Another method for preparing a mutated 
nucleic acid sequence according to the invention, and 
the corresponding protein, consists in carrying out 
site-directed mutagenesis on one or more amino acids 
which are selected in advance, for example by 
identifying the amino acids which are common to several 
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sequences xn the C- terminal part, or else by attempting 
to reproduce, in an HPPD of one specific origin, a 
mutation which was obtained by random mutagenesis (cell 
culture) in an HPPD of another origin. The methods for 
obtaining these site-directed mutations are well known 
to the skilled person and widely described in the 
literature (in particular: Directed Mutagenesis: A 
Practical Approach, 1991, Edited by M.J. McPHERSON, IRL 
PRESS), or are methods for which it is possible to 
employ commercial kits (for example the U.S.E. 
mutagenesis kit from PHARMACIA). In all cases, it is 

seful, after this site-directed mutagenesis, to employ 
the same method as employed for the above-described 
random mutagenesis for selecting mutated HPPDs which 
are less sensitive than the corresponding unmutated 
HPPD. 

The present invention therefore also relates 
to a method for preparing a nucleic acid sequence which 
encodes a mutated HPPD according to the invention, with 
the said method being defined above. 

The invention also relates to the use, in a 
method for transforming plants, of a nucleic acid 
sequence which encodes a mutated HPPD according to the 
invention as a marker gene or as a coding sequence 
which makes it possible to confer on the plant 
tolerance to herbicides which are HPPD inhibitors. It 
is of course understood that this sequence can also be 
used in combination with (an) other gene marker (s) 
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and/or sequence (s) which encode (s) one or more 
agricultural properties . 

The present invention also relates to a 
chimeric gene (or expression cassette) which comprises 
a coding sequence as well as heterologous regulatory 
elements, in the 5' and 3' positions, which are able to 
function in a host organism, in particular plant cells 
or plants, with the coding sequence containing at least 
one nucleic acid sequence which encodes a mutated HPPD 
as previously defined. 

"Host organism" is understood as being any 
inferior or superior unicellular or multicellular 
organism into which the chimeric gene according to the 
invention can be introduced for the purpose of 
producing mutated HPPD. These organisms are, in 
particular, bacteria, for example E . coli, yeasts, in 
particular of the genera Saccharomyces or 
Kluyveromyces, Pichiat, fungi, in particular 
Aspergillus, a baculovirus or, preferably, plant cells 
and plants . 

"Plant cell" is understood, according to the 
invention, as being any cell which is derived from a 
plant and which is able to form undifferentiated 
tissues, such as calli, differentiated tissues such as 
embryos, parts of plants, plants or seeds. 

"Plant" is understood, according to the 
invention, as being any differentiated multicellular 
organism which is capable of photosynthesis, in 
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' particular a monocotyledonous or dicotyledonous 

organism, more especially cultivated plants which are 
or are not intended for animal or human nutrition, such 
as maize, wheat, rape, soya bean, rice, sugar cane, 
5 beetroot, tobacco, cotton, etc. 

The regulatory elements which are required 
for expressing the nucleic acid sequence which encodes 
an HPPD are well known to the skilled person and depend 
on the host organism. They comprise, in particular, 
10 promoter sequences, transcription activators and 

terminator sequences, including start and stop codons . 
The means and methods for identifying and selecting the 
regulatory elements are well known to the skilled 
person and widely described in the literature. 
15 The invention relates, more especially, to 

the transformation of plants. Any promoter sequence of 
a gene which is expressed naturally in plants, in 
particular a promoter which is expressed, in 
particular, in the leaves of plants, such as so-called 
20 constitutive promoters of bacterial, viral or plant 
origin, such as, for example, a his tone promoter as 
described in application EP 0 507 698, or a promoter of 
rice actin or of a plant virus gene such as, for 
example, that of cauliflower mosaic virus (CAMV 19S or 
25 35S), or else so-called light-dependent promoters such 
as that of a gene for the small subunit of plant 
ribulose bis carboxylase /oxygenase ( RuBisCO) , or any 
known promoter which is suitable , can be used as the 
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promoter regulatory sequence in the plants. 

According to the invention, it is also 
possible to use, in combination with the promoter 
regulatory sequence, other regulatory sequences which 
are located between the promoter and the coding 
sequence, such as transcription activators (enhancers) 
as, for example, the tobacco mosaic virus (TMV) 
translation activator which is described in application 
WO 87/07644 or the tobacco etch virus (TEV) activator 
which is described by Carring^ton & Freed. 

Any corresponding sequence of bacterial 
origin, such as the nos terminator from ^grojbactejrium 
tumefaciens, or of plant origin, such as a histone 
terminator as described in application EP 0 633 317, 
may be used as the terminator regulatory sequence or as 
the polyadenylation sequence. 

According to one particular embodiment of the 
invention, a nucleic acid sequence which encodes a 
transit peptide is employed 5' of the nucleic acid 
sequence encoding a mutated HPPD, with this transit 
peptide sequence being arranged between the promoter 
region and the sequence encoding the mutated HPPD so as 
to permit expression of a transit peptide/mutated HPPD 
fusion protein, with the mutated HPPD being previously 
defined. The transit peptide makes it possible to 
direct the mutated HPPD into the plastids, more 
especially the chloroplas ts , with the fusion protein 
being cleaved between the transit peptide and the 
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n P nn ^ ^o<^s the p 1 a s t i d membrane. The 

transit peptide may be single, such as an EPSPS transit 
peptide (described in US patent 5,188,642) or a transit 
peptide of a plant ribulose biscarboxylase/oxygenase 
small subunit (RuBisCO ssu) , where appropriate 
including a few amino acids of the N-terminal part of 
the mature RuBisCO ssu (EP 189 707), or else a multiple 
transit peptide which comprises a first plant transit 
peptide which is fused to a part of the N-terminal 
sequence of a mature protein -having a plastid location, 

ith this part in turn being fused to a second plant 
transit peptide as described in patent EP 508 909, and, 
more especially, the optimized transit peptide which 
comprises a transit peptide of the sunflower RuBisCO 
ssu fused to 22 amino acids of the N-terminal end of 
the maize RuBisCO ssu, in turn fused to the transit 
peptide of the maize RuBisCO ssu, as described, with 
its coding sequence, in patent EP 508 909. 

The present invention also relates to the 
transit peptide/mutated HPPD fusion protein, with the 
two elements of this fusion protein being defined 
above . 

The present invention also relates to a 
cloning and/or expression vector for transforming a 
host organism, which vector contains at least one 
chimeric gene as defined above. In addition to the 
above chimeric gene, this vector contains at least one 
origin of replication. This vector can consist of a 
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a ^id. a bacteriophage or a virus which has 

pia^m-L^ , ^ — — *- ' 

been transformed by introducing the chimeric gene 
according to the invention. Such transformation 
vectors, which depend on the host organism to be 
transformed, are well known to the skilled person and 
widely described in the literature. The transformation 
vector which is used, in particular, for transforming 
plant cells or plants is a virus, which can be employed 
for transforming developed plants and which 
additionally contains its own' replication and 
expression elements. According to the invention, the 
vector for transforming plant cells or plants is 

preferably a plasmid. 

The invention relates to a method for 
transforming host organisms, in particular plant cells, 
by integrating at least one nucleic acid sequence or 
one chimeric gene as defined above, with it being 
possible to obtain the transformation by any 
appropriate known means, which means are amply 
described in the specialist literature and, in 
particular, the references cited in the present 
application, more especially by using the vector 
according to the invention. 

One series of methods consists in bombarding 
cells, protoplasts or tissues with particles to which 
the DNA sequences are attached. Another series of 
methods consists in using, as the means for transfer 
into the plant, a chimeric gene which is inserted into 
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-robacterium tumetaciens Ti plasmid or an 
I gr oL«e,iu ra rhizomes Ri plasmid. Other methods .ay 
be used, such as microin J eccion or electroporation or 

^ rp^ n( ^ cvn led person 
else direct precipitation using P*G . me s^lle 

will choose the appropriate method depending on the 

nature of the host organism, in particular the plant 

cell or the plant. 

The present invention also relates to the 
host organises, in particular plant cells or plants, 
which are transformed and which contain a chimeric gene 
which comprises a se q uence encoding a mutated HPPD as 

defined above . 

The present invention also relates to the 
pla nts which contain transformed cells, in particular 
the plants which are regenerated from the transformed 
cells. The regeneration is obtained by any appropriate 
method, with the method depending on the nature of the 
species, as described, for example, in the above 
references. The following patents and patent 

k= rited in particular, with regard 
applications may be cited, in v 

to the methods for transforming plant cells and 
regenerating Plants: US 4.459.355. US 4,536.475. 
US 5.464.763, US 5,177.010. US 5.187.073, EP 267.159, 
EP 604 662. EP 672 752. US 4,945.050, US 5,036,006, 
US 5,100.792. US 5.371.014, US 5,478,744, US 5.179.022 
US 5,565,346. US 5,484.956. US 5.508.468, US 5,538,877 
US 5,554,793, US 5,489,520. US 5.510.318, US 5.204,253 
US 5,405,765, EP 442 174, EP 486 233, EP 486 234. 
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EP 539 563, EP 674 725, WO 91/02071 and WO 95/06128. 

The present invention also relates to the 
transformed plants which are derived by cultivating 
and/or crossing the above regenerated plants, and to 
the seeds of the transformed plants. 

The transformed plants which can be obtained 

in accordance with the invention can be of the 
monocotyledonous type, such as cereals, sugar cane, 

rice and maize, or of the dicotyledonous type, such as 

tobacco, soya bean, rape, cot'ton, beetroot, clover, 

etc . 

The invention also relates to a method for 
selectively weeding plants, in particular plant crops, 
with the aid of an HPPD inhibitor, in particular a 
herbicide as previously defined, which method is 
characterized in that this herbicide is applied to 
plants which have been transformed in accordance with 
the invention, either before sowing the crop, before 
emergence of the crop or after emergence of the crop. 

The present invention also relates to a 
method for controlling weeds in an area of a field 
which contains seeds or plants which have been 
transformed with the chimeric gene according to the 
invention, which method consists in applying, to the 
said area of the field, a dose of an HPPD inhibitor 
herbicide which is toxic for the said weeds, without, 
however, significantly affecting the seeds or plants 
which have been transformed with the said chimeric gene 
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according to the invention. 

The present invention also relates to a 
method for cultivating the plants which have been 
transformed, in accordance with the invention, with a 
chimeric gene according to the invention, which method 
consxsts in planting the seeds of the said transformed 
plants in an area of a field which is appropriate for 
cultivating the said plants, in applying, if weeds are 
present, a dose, which is toxic for the weeds, of a 
h erbicide whose target is the above-defined HPPD to the 
said area of the said field, without significantly 
affecting the said transformed seeds or the said 
transformed plants, and in then harvesting the 
cultivated plants when they reach the desired stage of 
maturity and, where appropriate, in separating off the 
seeds of the harvested plants. 

in the above two methods, the herbicide whose 
target is the HPPD can be applied in accordance with 
the invention, either before sowing the crop, before 
the crop emerges or after the crop emerges. 

Within the meaning of the present invention, 
"herbicide" is understood as being a herbicidally 
active substance on its own or such a substance which 
is combined with an additive which alters its efficacy, 
such as, for example, an agent which increases its 
activity (a synergistic agent) or which limits its 
activity (a safener) . The HPPD inhibitor herbicides 
are, in particular, as previously defined. It is of 



22 



™„e co be understood chat. for therr application in 
practice, Che above herbicides are coined, in a 

wri t-h the formulation 
manner which is known per se, wxtn 

adjuvants which are customarily employed xn 
agricultural chemistry. 

When Che Plane which has been Crans formed xn 
accordance wich Che invencion concerns another gene for 
colerance Cowards another herbicide (as, for example, a 
ge „e which encodes a mutated or — ced EPSPS which 
confers on Che plant tolerance to g lyphosate, . or when 

cpnqitive to another 
the transformed plant xs naturally sensxtx 

h erbicide, the method according to the invention can 
comprise the simultaneous or chronologically staggered 
application of an HPPD inhibitor in combination with 
t he said herbicide, for example glyphosate. 

The invention also relates to the use of the 
chimeric gene encoding a mutated HPPD as a marker gene 
during the -transformation/regeneration" cycle of a 

3n , selection on the abovement xoned 
plant specxes and seiectiu 

herbicide . 

Th e various aspects of the invention will be 
oetcer understood wich Che aid of the experimental 

examples which follow. 

j nnprations which are 

All the methods or operation 

, aescribed below in these examples are given by way of 

example and correspond Co a choice which is made from 

among Che different methods which are avaixable for 

,,11- This choice has no effect 
■ „ =.*- t-h^ same result, mxs <~n^ 
arriving at tne 
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on the quality of the result and, as a consequence, any 
suitable method can be used by the skilled person to 
arrive at the same result. The majority of the methods 
for manipulating DNA fragments are described in 
"Current Protocols in Molecular Biology" Volumes 1 and 
2, Ausubel F.M. et al . , published by Greene Publishing 
Associates and Wiley Interscience (1989) or in 
Molecular cloning, T. Maniatis, E.F. Fritsch, J. 
Sambrook, 1982. 

Example 1: Colorimetric test for screening for mutants 
which exhibit tolerance to 2 -cyano- 3 -cyclopropvl - 1 - ( 2 - 
5Q,CH,-4-CF,phenvl ) propane-1 , 3 -dione 

pRP c : The vector pRP A (described in 
application WO 96/38567), which contains a genomic DNA 
fragment and the coding region of the gene for HPPD 
from Pseudomonas fluorescens A32, was digested with 
Ncol, purified and then ligated into the expression 
vector pKK233-2 (Clontech) , which itself was digested 
with Ncol, the site for which forms a unique cloning 
site in this vector. The orientation of the gene in the 
resulting pRP C vector which permitted expression under 
the control of the trc promoter was verified. 

A culture medium of the YT broth type, 
containing 1% agarose (Gibco BRL ultra pure) , 5 mM 
L-tyrosine (Sigma) and the agent for selecting the 
abovementioned pRP C vector, is dispensed into a 
96-well plate at the rate of 100 (il per well. 10 (ll of 
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a culture of E. coli in the exponential phase of growth 
and harbourxng the pRP C vector are dispensed into each 
well. After 16 hours at 37°C, the wells which only 
contain the culture medium, or those which have been 
seeded with an E. coli culture harbouring the vector 
PKK233-2, are translucent whereas the wells which have 
been seeded with an E. coli culture harbouring the 
vector pRP C are coloured brown. 

A series of samples was made up with 
identical culture medium which contained varying 
concentrations (0 mM to 14 mM) of 2-cyano-3- 
cycl opropy 1 - 1 - ( 2 -me thyl sulphonyl - 4 - 

t rifluoromethylphenyl)propane-l,3-dione (EP 0 496 631), 
which was dissolved in water and brought to P H 7.5. 
This molecule is a diketonitrile which is recognized as 
being an effective inhibitor of HPPD activity (Pallett, 
K.E. et al., 1997. Pestic. Sci. 50, 83-84). The 
bacterial culture harbouring vector pRP C is observed 
to be totally without colour in the presence of a 7 mM 
concentration of the abovement ioned compound. 

HPPD mutants which were obtained by site- 
directed mutagenesis as well as by random mutagenesis 
were selected by rendering brown the medium containing 
the 2-cyano-3-cyclopropyl-l- (2-methylsulphonyl-4- 
trifluoromethylphenyl)propane-l,3-dione at a 
concentration of 7 mM, as will be demonstrated below. 

Identical results were obtained by 
substituting 2 -cyano-3 -cyclopropyl - 1 - ( 2 - 
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me thylsulphonyl-4-(met:hyl t hio)phenyl)propane-1.3-dione 
and 2 -(2-chloro-3-ethoxy-4-(ethylsulphonyl)benzoyl)-5- 
raet hyl-l,3-cyclohexadione (WO 93/03009) for 2-cyano-3- 
cyclopropyl-1- (2-methyl-4-trif luoromethylphenyl ) - 
D ropane-1.3-dione. The two molecules are in solution in 
DMSO at final concentrations of 3.5 mM and 7 mM, 

respectively. 

These results confirm that a test which is 

based on HPPD activity, whatever the origin of this 

activity, ma*es it possible to identify HPPD activities 

which exhibit tolerance to HPPD activity inhibitors of 

the isoxazole family as well as of the trigone 

family. 

fluo^enj^^ 

The plasmid DNA of an E. coli culture 

harbouring the above-described pRP C vector was 

extracted using the standard protocol. This DNA was 

incubated, at 8 0 o C for one hour, with hydroxyl amine , 

which is a chemical mutagen which brings about the 

replacement of cytosine with thymidine, using a 

standard protocol from the abovementioned reference. 

The E coli K12 strain DH10B was transformed with the 

resulting potentially mutated plasmid DNA. Use of the 

i„n, t-^r described in Example 1 made 
i colorimetric screening test ctescri 

it possible, after screening several thousand 
potentially mutated clones, to identify several 
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colonies which were able to render the medium brown, 
that is to say able to transform HPP into homogen t isate 
even in the presence of 7 mM 2 -cyano-3 -cyclopropyl-1- 
( 2-methylsulphonyl-4-trif luorome thylphenyl ) propane- 1 , 3 - 
5 dione . 

After sequencing these various mutants, it 
became evident that the use of this mutagenesis/ 
screening method had resulted in the isolation of 4 
distinct mutants corresponding to three distinct 
10 mutation sites: 

- First site : proline 215 replaced by a 
leucine, which mutant was designated PfL215 

- Second site : 

glycine 334 replaced by a serine, 
15 which mutant was designated PfS334 

glycine 334 replaced by an aspartic 
acid, which mutant was designated PfD334 

- Third site : glycine 33 6 replaced by a 
serine, which mutant was designated PfS336. 

20 These three mutated sites, resulting in an 

improved tolerance being obtained compared with 
unmutated HPPD, are located in the C-terminal domain of 
the protein. 

The alteration ( s ) by means of random 

25 mutagenesis can be effected on any protein which has an 
HPPD-type activity, that is to say which transforms 
4-hydroxyphenylpyruvate into homogent isate , and whose 
coding region is or could be cloned. While the HPPDs 
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which are described in this text are, inter alia, those 
from p . fluoresceins , Arabidopsis thaliana , Daucus 
carota, Zea mays and Synechocystis, it is certainly 
apparent to the skilled person that all these 
alterations can be applied to other HPPDs. 



Example 3: Site-directed mutagenesis of the Pseudomonas 
fluoresceins A32 HPPD gene by means of sequence analogy. 

By means of aligning the protein sequences of 
the HPPDs from Pseudomonas fluoresceins A3 2, Arabidopsis 
thaliana, mouse, pig and Coccicoides , it is possible to 
choose a certain number of the amino acids which are 
found to be conserved in different sequences and then 
to mutagenize them and obtain tolerant HPPDs; sequences 
of other HPPDs, described in the literature, could have 
been added to the alignment which is presented in 
Figure 1 . 

SEQ No. 1 

The alignment of these different sequences 
shows clearly that one of the best conserved regions is 
located between the phenylalanine at position 333 and 
the asparagine at position 337. Not only is this region 
highly conserved but, in addition, it encompasses the 
two glycines in positions 334 and 33 6 which were 
identified by random mutagenesis (in bold in the 
sequence alignment and marked with a star) . Mutagenesis 
was carried out on the pRP C vector using the Pharmacia 
U -S.E. mutagenesis kit. The M oligonucleotides were 
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' used for mutagen! zing phenylalanine 3 33, glycine 334, 

glycine 336 and asparagine 337, and also for 
mutagenizing the double glycine 334 and glycine 336 
mutants, as shown in the schemes belov; {appended 
5 sequence identifiers, SEQ ID NO . 1 to 12): 

Mutagenesis of PHE333, which is replaced 
exclusively by Trp 

Oligo 1: GAAGTTGCCC TCGCCCCACC CATCGTCGCC CTT 
Mutagenesis of PHE333, which is replaced 
10 exclusively by LEU & ILE 

Oligo 2 : GAAGTTGCCC TCGCCRAKCC CATCGTCGCC CTT 
Mutagenesis of GLY334, which is replaced 
exclusively by TRP 

Oligo 3 : CTTGAAGTTG CCCTCCCAAA ACCCATCGTC GCC 
15 Mutagenesis of GLY334, which is replaced 

exclusively by ASP 

Oligo 4 : CTTGAAGTTG CCCTCGTCAA ACCCATCGTC GCC 
Mutagenesis of GLY334, which is replaced 
exclusively by SER 
20 Oligo 5: CTTGAAGTTG CCCTCGCTAA ACCCATCGTC GCC 

Mutagenesis of GLY334, which is replaced 
exclusively by LEU & ILE 

Oligo 6: CTTGAAGTTG CCCTCRAKAA ACCCATCGTC GCC 
Mutagenesis of GLY336 which is replaced 
2 => exclusively by ASP 

Oligo 7 : CAGCGCCTTG AAGTTGTCCT CGCCAAACCC ATC 
Mutagenesis of GLY3 3 6 , which is replaced 
exclusively by GLU 
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Oligo 8: CAGCGCCTTG AAGTTYTCCT CGCCAAACCC ATC 
Mutagenesis of GLY336, which is replaced 

exclusively by TRP 

Oligo 9: CAGCGCCTTG AAGTTCCACT CGCCAAACCC ATC 
5 Mutagenesis of GLY336, which is replaced 

exclusively by He 

Oligo 10: CAGCGCCTTG AAGTTDACTC GCCAAACCCA 

TCMutagenesis of GLY334 & GLY336, which are replaced by 
all the other amino acids, and therefore with the 
10 possibility of obtaining a double mutant 

Oligo 11: CGCTTGAAGT TNNNCTCNNN AAACCCATCG TC 
Mutagenesis of ASN337, which is replaced 

exclusively by LEU & ILE 

Oligo 12 : GAACAGCGCC TTGAARAKGC CCTCGCCAAA CCC 
15 After screening several hundred potential 

mutants with 2 -cyano-3 -cyclopropyl-1- ( 2 - 
methylsulphonyl-4-trifluoromethylhenyl)propane-l,3- 

dione, 13 mutants, of which 10 were single mutants and 

3 were double mutants (see summary table) , were 

20 identified which exhibited tolerance to the 2-cyano-3- 

cyc lopropy 1 - 1 - ( 2 -methylsulphony 1 - 4 - 

trif luoromethylphenyl ) propane-1 , 3-dione inhibitor in 
our colorimetric detection test. It is necessary to add 
that some of the mutants which were identified during 
25 the course of these site-directed mutageneses are 
certainly identical to the mutants which were 
identified in Example 2 (this is the case for PfS334 
and PfD334) . 
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The mutants which were obtained are 
identified as follows: 
Single mutants : 
Phenylalanine333 replaced by 

tryptophan designated p fw33 3 

Phenylalanine333 replaced by 

leucine designated PfL333 

Glycine334 replaced by tryptophan designated PfW334 

Glycine334 replaced by aspartic 

acid * designated PfD334 

Glycine334 replaced by serine designated PfS334 

Glycine334 replaced by proline designated PfP334 

Glycine334 replaced by leucine designated PfL334 

Glycine334 replaced by isoleucine designated PfI334 

Glycine336 replaced by aspartic 

ac:Ld designated PfD336 

Glycine336 replaced by glutamine designated PfQ336 

Glycine336 replaced by glutamic 

acid designated PfE336 

Glycine336 replaced by tryptophan designated PfW336 

Glycine336 replaced by isoleucine designated PfI336 

Asparagine337 replaced by leucine designated PfL337 

Double mutants : 

Glycine334 replaced by alanine and 

Glycine336 replaced by alanine designated Pf A334-A336 

Glycine334 replaced by alanine and 

G lycine336 replaced by arginine designated PfA334-R336 
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3 1 

Glycine334 replaced by serine and 

Glycine336 replaced by histidine designated PfS334-H336 

This result demonstrates that it is possible, 
\} by means of mutagenizing the amino acids which are 

conserved between the protein sequences of different 
HPPDs and which are located in the C-terminal part of 
the protein, to obtain HPPDs which exhibit tolerance 
towards inhibitors of HPPD activity. Any region which 
is conserved between different HPPD amino acid 
sequences is therefore a good target for obtaining 
mutants which are advantageous to analyse in order to 
determine their tolerance. It is evident that any 
mutation or multiple mutation which would make it 
possible to obtain a tolerant HPPD, even if this 
protein is not exemplified in this text, is part of the 
subject-matter of the invention. 

The result also demonstrates that the 
C-terminal domain is definitely the favoured target for 
mutagenizing an HPPD with a view to obtaining good 
tolerance of the enzyme towards these different 
inhibitors. Thus, it is very difficult to define a 
conserved region in the N-terminal domain, which is 
defined as proceeding from amino acid No. 1 to the 
linking peptide defined previously in the case of 
Pseudomonas fluoresceins A32, or to its equivalents in 
the case of the HPPDs of other species. 

The alteration (s ) which is/are carried out by 
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means of site-directed mutagenesis on the basis of 
information deduced from a sequence alignment can be 
made to any protein which possesses an KPPD-type 
ac tivi ty , that is to say which trans forms 
4 -hydroxyphenylpyruvate into homogentisate and whose 
coding region is or could be cloned. Although the HPPDs 
which are described in this text are , inter alia, those 
from P . fluoresceins , Arabldopsis thaliana , Daucus 
carota , Zea mays and Synechocystis , it will certainly 
be apparent that all these alterations can be applied 
to the other HPPDs . 

Example 4 : Site-directed mutagenesis of the Pseudomonas 
fluorescens A32 HPPD gene. 

The results which were obtained by random 
mutagenesis as described in Example 2, as well as those 
obtained after aligning the different HPPD sequences, 
clearly demonstrate that the peptide proceeding from 
F#333 to F#338 (numbering on the P. fluorescens HPPD) 
is a region of particular interest in terms of 
mutagenizing in order to obtain tolerance. 

In parallel with this information, it was 
found, by means of analysing the three-dimensional 
structure of the Pseudomonas fluorescens strain A32 
enzyme, for example (Figure 1), that the C-terminal 
part of the protein monomer contains the catalytic site 
of the enzyme. It is therefore the amino acids of this 
C-terminal domain which have first and foremost to be 
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mutagenized in the hope of being able to modify the 
protein/ inhibitor interaction and thereby obtain a more 

tolerant enzyme. 

Point mutations which could lead to a 
conformational change of the Phe333 to Phe338 
hexapeptide, without this peptide being directly 
mutated, have therefore been sought by analysing the 
three-dimensional structure of the P. fluoresces HPPD 
protein. The principal idea is that mutation of an 
amino acid which is rather distant from the active site 
and which is not conserved can influence the spatial 
positioning of this Phe333 to Phe338 peptide and 
therefore induce tolerance to HPPD inhibitors by means 
of an indirect effect. 

Amino acids which are close to this 
hexapeptide were therefore sought in the structure; a 
small number of amino acids, such as the aspartic acid 
at position 287 and the glycine at position 298, meet 
this criterion [for information, the alpha carbon atom 
of glycine 334 of the hexapeptide is located 9.61 
angstroms from the iron atom which is located in the 
catalytic site, and the alpha carbon of the glycine at 
position 298 is 5.75 angstroms from that of the glycine 
which is located at position 334]. Of the two amino 
acids, this glycine 298 appeared to be the best 
candidate, since any mutagenesis would lead to an amino 
acid which had a larger side chain, and this glycine 
was replaced by a glutamic acid (whose side chain is 



negatively charged) with a view to obtaining an 
alteration which was sufficiently appreciable for the 
effect to be visible . 

Furthermore, when the glycine at position 298 
is replaced with a glutamic acid, the side chain of 
this glutamic acid, which side chain is very bulky, 
"knocks" against the beta-pleated sheet secondary 
structure in which the conserved LLQIF motif is 
located. The phenylalanine 312 of this motif is itself 
located very close to the iron. 

The Gly298 to Glu298 mutation was tested. 
This Gly298 to Glu298 mutation was brought 
about by site-directed mutagenesis (U.S.E. mutagenesis 
kit, Pharmacia) of the pRP C vector using the 
oligonucleotide No. 13 (appended sequence identifier - 
SEQ ID NO 13 ) : 

GLY298 replaced by glutamic acid 

Oligo 13 : GCCTTCCACGGAAGATTCGTCCAGCAGGATACC 

This mutant, designated PfE298, causes the 
screening medium containing 7 mM RPA202248 to turn 
brown (see summary table) . 

This confirms that it is possible, knowing 
the three-dimensional structure of the HPPD, to 
identify a certain number of mutations which are 
effective in terms of tolerance towards inhibitors of 
the HPPD, whether the latter be of bacterial, plant or 
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other origin. Thus, it is perfectly possible to model 
the structure of any HPPD whose protein sequence is 
available, since the precise structure is known in the 
case of the P. fluoresceins HPPD. This modelling will be 
of particular interest when modelling the C-terminal 
domain, which domain is that which is best conserved in 
terms of the primary sequence and, in particular, that 
which is most promising in terms of tolerance towards 
inhibitors of HPPD. 

The alteration (s) , -which is/are brought about 
by site-directed mutagenesis on the basis of 
information deduced from the three-dimensional 
structure of a modelled HPPD, or the three-dimensional 
structure which is determined by analysing crystals 
15 obtained in the presence or absence of an inhibitor, 
can be effected on any protein which has an HPPD-type 
activity, that is to say which transforms 
4-hydroxyphenylpyruvate into homogentisate and whose 
coding region is or can be cloned. While the HPPDs 
2 - which are described in the present application are, 
inter alia, those of P. fluoresceins , Arabidopsis 
thaliana, Daucus carota, Zea mays and Synechocystis , it 
will certainly be apparent to the skilled person that 
all these alterations can be applied to other HPPDs. 
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^^inpie 5: Exp ression of mutant Pseudomonas fluorescens 
H£P D_s in tobacco 

A > Construction of chimeric genes 
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PRP-VB3 : The DMA of the binary vector pBI121 
(Clontech) was digested with Hindlll and Xbal and the 
ends were filled in with dNTPs using pfu polymerase 
( Stratagene) ; the vector was purified. The DMA of the 
clone pRP-S, which is described in Example 2 of the 
appl ication PCT 96/38567 and which comprises the 
sequence "double histone promoter - TEV - OTP - HPPD 
gene - Nos terminator" was digested with Hindlll and 
SacI and the ends were filled in with dNTPs using pfu 
polymerase (Stratagene); the % purif ied insert was then 
ligated into the previously described purified 
vector. The orientation was verified by means of Sail 
digestion. The clone pRP-VB3 therefore has the 
following chimeric gene structure: 



RB/Nos promoter /NPTI I /Nos terminator /double histone 
promoter /tev/otp /HPPD /Nos terminator 



RB = right-hand border of the Agrobac terium tumefaciens 
T-DNA 

Nos promoter = promoter of the Agrobac terium 

20 tumefaciens nopaline synthase 

NPTII = sequence encoding the type II neomycin 
phosphotransferase for resistance to kanamycin 
NOS terminator = terminator sequence of the 
Agrobac terium tumefaciens nopaline synthase 

25 Double histone promoter = described in EP 507 689 
tev = TEV enhancer (Carrington & Freed) 
otp = optimized transit peptide (EP 508 909) 
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, ■ The DNA of clone pRP-VB3 was 

digested with BamHI - purged and the,, ligated into the 
vector PZER0-1 < Invitrogen, . which does not contain the 
BstEII and Sail restriction sites and which was 
« 5 digested with BamHI , and the resulting vector was 

purified. A part o£ the OTP. the gene for HPPD and the 
Nos terminator are in this way transferred into 
pZERO-1 - 

EE p_V 1 3_c_^ The DNA of clone P RP-VB3-b was 
10 digested with Sail, purified ^nd then ligated in the 
presence of the adapter shown below (oligonucleotides 
14 and 15 - SEQ ID NO 14 and 15 appended) so as to 
replace the Sail restriction site with the BstEII 

*jj restriction site. 

I 15 5 . TC GAGAGAGAGGTGACCGAGAGA 3' 

3. CTCTCTCCACTGGCTCTCTAGCT 5' 

r „p-VB3-d = The DNA of clone pRP-VB3-c was 

digested with BamHI, and the insert was purified and 

then cloned into the P0C19 vector (Biolabs, which had 

20 been digested with BamHI . A part of the OTP. the gene 

for HPPD and the Nos terminator are in this way 

transferred into P0C19 ■ 

p „- m1 -e : Since the PUC19 vector does not 

possess Pmll and StuI restriction sites, the DNA of 

25 clone pP.P-VB3-d was digested with Pmll and StuI, 

purified and then ligated to itself, thereby making rt 

possible to delete the Not site in the HPPD gene and to 

shorten the coding part of the HPPD by approximately 
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500 base pairs in order subsequently to facilitate 
screening of the transformed colonies which have 

integrated the mutant HPPDs . 

^^33^ Vector P RP-VB3-e was digested 

filled in with dNTPs using 
with NotI and the ends were filled in 

pfu polymerase ( Stratagene) . after which the ON, was 
purif ied,. it was then digested with BamHX , purified and 
t hen cloned into the KpnI-digested PUC19 vector, whose 

^ after which it. was purified, digested 
(Stratagene) , arter wh-l^- 

with BamHI and purified. 

eE£ ^333^_ l T he DNA of clone P RP-VB3 was 

„ -th BstEH and the ends were filled in with 
digested with Bstbii <*i 

icrr^t-aaene) ; the purified 

dNTPs using pfu po±ym«j-°- 

j t- 0 itself thereby making it 
vector was then ligated to xtseit 

•, • ■ *-« the unique BstEII site of this 
possible to eliminate the umqu 

vector . 

EE p zEel 2^ The DNA of clone P RP-VB3-f was 

a c=rt nurified and then ligated 
digested with BamHI and Sad, pur it 3. 

fnr DRP -VB3-g, which had been digested with 

into vector pKf vdj y/ 

BamHI and SacX and purified, done pRP-KD^ — 
has the following structure: 



_-— ^^^oT^^ator, double nistone 
pro.oter/tev/otp/truncated HPPD/Nos te^i«tor^ 



25 LB = left-hand bo 
T-DNA 



of the Agrobac Cerium tumefaciens 



^ ^ . T he DNAs of the vectors 
B RP-RD224_mu_t-ants . The u^b 
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h>10 mutated HPPDs as 
carrying the ^tdLcu 

co ntained in vector PKK233-2 were digested with KpnX and 
BstE1I , purified and then ligated into vector pRP-RD224, 
which had been digested with Kpnl and BscEII and 
purified. The transf or-ats which had integrated the 
stated HPPD gene were selected for the size of the 
insert by digesting with Kpnl and BstEII. The resulting 
clones are designated PRP-RD224 to which is added the 
type of station which has been carried out on the HPPD; 
in this way. the following clones were, for example, 
created: pRP RD224 Pf (for the unmutated enzyme,. 
p RP RD 224 PfD336 (for the enzyme having an aspartic acd 
at position 336, , pRP «»2* PfQ336 (for the enzyme 
h aving a gluta^ine at position 336,, pRP -224 PfL333 
(£ or the enzyme having a leucine at position 333, and 
pR P RD224 PfA334-A336 (for the enzyme having an alanine 
at position 334 and at position 336. i.e. a double 
mutant) . 

B, Transformation of "Petit havana" tobacco 

The previously described chimeric genes were 

a -int-n "Petit havana" toDa^- *d 
transferrea into 

, nd reaeneration procedures which have 
transformation and regenei 

already been described in European application 

EP No . 0 508 909 . 
2 5 i ) Tran cfnrmation: - 

The vector is introduced into the non- 

oncogenic Agroibacteriuxn tumefacaen* - 

2 ) Req ^ rt ^ rat:: ^- on : - 
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The "Petit havana" tobacco was regenerated 
from foliar explants on a basal Murashige and Skoog 
(MS) medium comprising 30 g/1 sucrose as well as 
350 mg/1 cefotaxime and varying doses, i.e. 10 ppm, 
20 ppm and 40 ppm, of 2 -cyano- 1 - [ 4 - (me thylsulphonyl ) -2 - 
trif luoromethylphenyl ] -3 - (1-methylcyclopropyl ) propane- 
1,3-dione (EP 496630), which is an analogue of 2-cyano- 
3 -eye lopropyl - 1 - ( 2 -me thylsulphonyl -4 - 

trif luoromethylphenyl ) propane- 1 , 3 -dione , or directly 
doses of 2 or 4 or 8 ppm of 2 -cyano-3 -cyclopropyl-1- ( 2 - 
methylsulphonyl-4- trif luoromethylphenyl ) propane-1 , 3- 
dione. The foliar explants are removed from greenhouse 
plants and transformed by the foliar disc technique 
(Science 1985, Vol. 227, p. 1229-1231) in three 
consecutive stages : 

- the first comprises inducing shoots on an 
MS medium to which is added 3 0 g/1 sucrose and which 
contains 0.05 mg/1 naphthylacetic acid (ANA) and 2 mg/1 
benzylaminopurine (BAP) for 15 days and in the presence 
of varying doses of herbicide, i.e. 2-cyano-l- [4- 
(methylsulphonyl ) -2 -trif luoromethylphenyl ] -3 - ( 1- 
methylcyclopropyl ) propane-1 , 3 -dione (EP 496630) or 

2 - cyano - 3 - eye 1 opr opy 1 - 1 - ( 2 -methylsulphonyl-4 - 
trif luoromethylphenyl ) propane-1 , 3 -dione . 

- The green shoots which are formed during 
this stage are then developed by culturing them, for 
10 days, on an MS medium to which is added 3 0 g/1 
sucrose and which contains varying doses of herbicide 



but does not contain any hormone, 

- Developed shoots are then removed and 
cultured on an MS rooting medium containing half 
concentrations of salts, vitamins and sugars and 
varying doses of isoxaflutole but not containing any 
hormone. After about 15 days, the rooted shoots are 

placed in soil. 

C) Measuring the tolerance of the p lantlets 

to herbicide in vitro . 

The experiments are. carried out by reacting a 
selective agent with mutants pRP RD224 PfL333, 
pRP RD224 PfA334-A336, pRP RD224 PfD336 and 
pRP RD224 PfQ336. They demonstrate that while 
shoots/plantlets are not obtained at the highest doses 
of herbicide in the transformation/regeneration assays 
using an unmutated HPPD, the mutants, by contrast, make 
it possible, due to the tolerance of the enzyme being 
improved, to obtain plantlets even at high doses of 
40 ppm of 2-cyano-l- [4- (methylsulphonyl) -2 -trif luoro- 
methylphenyl ] -3 - ( 1-methylcyclopropyl ) propane-1 , 3 -dione 
(EP 496630) or 8 ppm of 2 -cyano- 3 -eye lopropyl - 
1- (2-methylsulphonyl-4-trif luoromethylphenyl ) propane- 
1,3-dione. These plantlets, which are obtained at high 
concentrations of the selective agent when a mutated 
HPPD is used and which it is not possible to obtain 
when wild-type HPPD is used, are completely normal. 

We may add that mutants pRP RD2 2 4 PfD3 3 6 and 
pRP RD224 PfL333 are statistically more efficacious 
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than mutants pRP RD224 PfQ336 and pRP RD224 PfA334-A336 
since they enable a larger number of tolerant plantlets 
to be obtained. 

Table summarizing the mutants of P. fluoresceins HPPD 
HPPD type Activity in the screening test" 







using a selective 


agent 






0 mM 


7 


Wild type 


10 


0 


Mutated 


•v 




Pt L>Z 1 D 




10 


7 






8 


3 


PfL333 




5 


4 


PfW3 3 3 








Pf S334 




7 


7 


PfD334 




1 


1 


PfW334 




6 


6 


Pf P334 




5 


5 


PfL334 




5 


4 


Pf 1334 




5 


4 


PfS336 








PfD336 




2 


1 


PfQ336 




8 


8 


PfE336 




10 


8 


PfW336 




10 


10 


Pf 1336 




10 


8 


PfL337 




8 


8 


Pf A334- 


A336 


8 


8 


Pf A334- 


R336 


8 


7 


Pf S334- 


H336 


5 


5 
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screening test described in Example 1. 
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'-' data not available. 

The figure 10 corresponds to a high activity 
of the same level as that obtained with unmutated HPPD 
in the absence of inhibitor, while the figure 0 
corresponds to no activity, either due to complete 
inhibition by 2-cyano-3-cyclopropyl- 

l-(2-methyl su l p honyl-4-trifluoromethylphenyl) pr opane- 
1,3-dione or due to a mutation which results in the 
enzyme becoming inactive; the figures 1 to 9 correspond 
to intermediate activities, wath the activity 
increasing as the figure increases. 

These results confirm that introducing an 
HPPD exhibiting a tolerance to inhibitors of HPPD 
activity into plants confers a tolerance to these same 
inhibitors on the plants, which tolerance therefore 
appears to be superior to that which is obtained with 
an unmutated HPPD. 

Example 6: Si te-d i r^c ted imit-^nesis of ^ 

Synec hocvstis HPPD gene . 

A mutation site which is effective in terms 
of tolerance to HPPD inhibitors is chosen in the 
Pseudomonas fluorescens HPPD and the site is transposed 
to another HPPD. 

This transposition is made to an HPPD which 
is as different as possible from the HPPD of 
Pseudomonas fluorescens and from other known HPPDs . The 
gene which was chosen for this work was the gene 
encoding Synechocys t is HPPD, which gene was known due 



to the systematic sequencing of the genome of this 
cyanobacterium but had never been cloned as such. The 
gene was therefore first of all isolated and then 

expressed in E. coli. 

1) Isolation of the gene. 
The genomic DNA of the cyanobacterium 
Synechocystis PCC6803 was extracted and purified using 
the standard protocols and this is eliminated by the 
addition in Example 1) . 200 of this genomic DNA were 
amplified by polymerization chain reaction (PGR) using 
1.25 U of pow polymerase (Boehringer) in its buffer, in 
a reaction volume of 50 ^1 containing 200 UM of dNTP 
(deoxyribonucleotide triphosphate) . The synthetic 
oligonucleotide sequences 16 and 17 (SEQ ID NO 16 and 
17 appended) . which were used as primers were deduced 
from the sequence of Synechocystis KPPD which was 
published in Genebank. 

Oligo 16 ATTATGGAAT TCGACTATCT T 
Oligo 17 CAGTATTCAT AATGTTAATT ATG 
The amplification programme, i.e. 5 minutes 
at 94°C, then 50 cycles of 1 minute at 94°C, 1 minute 
at 49°C and 1 minute at 72°C, then 5 minutes at 72°C, 
was carried out using a Perkin-Elmer 9600 apparatus. 

2) Cloning and expression of the gene. 
The amplified fragment which was obtained by 
PGR was purified, digested with EcoRI, repurified and 
then cloned into the vector ptrc-99A (Pharmacia), which 
had prevxously been digested with EcoRI and Smal . The 



bacterium JM10 5 was transformed v:ith the recombinant 
plasmid. The conformity of the cloned fragment with the 
published Synechocystis HPPD sequence was verified by 
sequencing . 

The dioxygenase activity of the Synechocystis 
HPPD which had thus been obtained was observed by the 
browning of the medium, using the previously described 
colorimetric test (cf. Example 1), with addition of 
IPTG ( isopropyl-P-D-thiogalactopyranoside) at a 
concentration of 1 mM in order to induce expression of 
the protein. Under the same conditions, but in a medium 
containing 7 mM 2-cyano-3 -cyclopropyl-1- (2-methyl- 
sulphonyl-4-trif luoromethy lphenyl ) propane-1 , 3 -dione, 
there is no browning of the medium, thereby confirming 
inhibition of the Synechocystis HPPD activity by the 
2 -cyano-3 -cyclopropyl-1- ( 2 -methyl sulphonyl -4 - 
trif luoromethylphenyl ) propane-1 , 3 -dione . 

3) Site-directed mutagenesis. 

By means of aligning the protein sequences of 
the Pseudomonas fluoresceins A32 HPPD and of the 
Synechocystis PCC6803 HPPD, it was estimated that the 
glycines in positions 334 and 336 of the Pseudomonas 
HPPD (glycines which are indicated by stars in the 
figure of Example 3 and which are very highly 
conserved) are in positions 318 and 320 in the 
Synechocystis HPPD (in bold in the protein sequence 
alignment in Figure 3. 

With several mutants at position 334 in 



Pseudomonas fluoresceins having been obtained, two site- 
directed mutagenesis experiments (U.S.E., Pharmacia) 
were carried out using the oligonucleotides MUGLYA and 
MUGLYB, which oligonucleotides were intended to replace 
the glycine at position 318 (of Synechocys tis 
corresponding to the glycine at position 334 of 
P. fluorescens) either with an asparagine or a serine 
or with a proline or an alanine (SEQ ID NO 18 and 19) . 

GLY318, possible replacement with SER & ASN 
Oligo 18 CGGGCAAAAG GATTTARCCA AGGAAACTTT CAAG 
GLY318, possible replacement with PRO & ALA 
Oligo 19 CGGGCAAAAG GATTTSCNCA AGGAAACTTT CAAG 

In the two experiments, clones obtained after 
mutagenesis caused browning of the screening medium at 
7 mM 2-cyano-3-cyclopropyl-l- (2-methylsulphonyl- 
4 - tr i f luorome thy lpheny 1 ) propane - 1 , 3-dione (test 
described in Example 1) . One mutant from each 
experiment was sequenced. 

Glycine318 / replaced with asparagine, 
designated SyN318, similar to PfD334 (in Example 3). 

Glycine318, replaced with alanine, designated 
SyA318, similar to PfA334 (in Example 3). 

T hese results confirm that mutations leading 
to tolerance, which tolerance is demonstrated for a 
given HPPD, are transposable to another HPPD which 
belongs to another species and another kingdom. 

These results also confirm that alterations 
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of the protein sequence in the C-terminal part of an 
HPPD can, whatever the origin of the HPPD (bacterial or 
other origin) result in tolerance towards HPPD 
inhibitors . 

w^T,, 7: Biochemi, Sa l_stud^ of a mutated H PPD^nutaats 

of Svnechocvstis . 

The mutants SyN318 and SyA318 which were 
obtained in the previous example were examined, in 
comparison with the unmutated HPPD of Synechocystis, 
for the biochemical characteristics ^ and IC 50 with 
regard to an HPPD inhibitor, i.e. 2 -cyano-3 -cyclo- 
P ro P yl-l- (2-methylsul P honyl-4-trif luoromethylphenyl) - 

P ropane-l,3-dione. This analysis was carried out using 
the following protocol: 
15 a) Measuring activity 

The HPPD activity is measured by determining, 
by means of high performance liquid chromatography 
(HPLC), the quantity of product, i.e. homogentisate , 
which is formed after incubating the enzyme with its 
2 0 substrate HPP . Injecting different amounts of 

homogentisate, varying from 12 to 48 nmoles, into the 
column enables the retention time of the homogentisate 
to be determined and the peak area to be correlated 
with the quantity of product injected. 

The activity measurements are carried out in 
a final volume of 200 ul containing: 12 . 6 mM ascorbate, 
178 UM iron (FeH 8 N 2 0 8 S 2 . 6H 2 Q) (previously prepared in 
0.1 M tris-acetate buffer, P H 6), 50 ug of crude 
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extract containing the HPPD, 352 UM HPP and 0.1 M tris- 
acetate buffer, pH 7.5. The enzyme is firstly incubated 
with the iron at 30°C for 1 min and then with the 
ascorbate at 30°C for 5 min before the reaction is 
started by adding the substrate, i.e. the HPP. The 
incubation is continued at 30°C for 1 min 30 sec and 
the reaction is then stopped by adding 70 \il of 20% 
perchloric acid. The proteins are then removed by 
centrifuging for 5 min at 15,300 rpm and at 20°C. The 
supernatant is recovered. The quantity of homogentisate 
formed is then analysed by injecting 75 jal of assay 
mixture into a Pico Tag C18 column which is connected 
to the HPLC system. Elution is carried out at a flow 
rate of 1 ml/min. The isocratic elution which is 
carried out is as follows: 1- 0% of buffer B (that is 
100% of buffer A: water, 3% (v/v) acetonitrile , 0.1% 
(v/v) trif luoroacetic acid) for 6 minutes; 2- 100% of 
buffer B (100% acetonitrile) up to the 11th minute; 
3- 0% of buffer B up to the 19th minute. On leaving the 
column, the homogentisate is detected by measuring 
absorbance at 288 run. The quantity of product formed is 
defined by the area of the peak on the chromatogram . 
b) Determination of the 

The of the HPPD for HPP is determined by 
measuring the initial velocity of the reaction using 
different concentrations of HPP. The reactions are 
carried out under the above-described conditions using 
HPP concentrations of from 5.5 [AM to 1400 jim . 



49 



10 



15 



20 



c) Determination of the IC 50 
The IC 50 is determined by measuring the 
initial velocity of the reaction under the 
above-described conditions after incubating the enzyme 
at 30°C for 10 min with the iron, the ascorbate, the 
substrate at a concentration of 1056 jaM and varying 
concentrations of inhibitor. The concentrations of 
2-cyano-3 -cyclopropyl-1- ( 2 -methyl sulphonyl -4 - 
tri f luor ome thylphenyl ) propane- 1 , 3 -dione employed vary 
from 10" 10 to 10" 4 M. 

The values of the enzyme for its substrate, 
i.e. 4-hydroxyphenylpyruvate, which were calculated, 
and the IC 50 values which were calculated at comparable 
activities, are recorded in the table below: 





Native HPPD 


SyN318 


SyA318 




60 JIM 


47 0 JIM 


32 0 JIM 


ic 50 


80 nM 


8 0 |IM 


40 [IM 
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These results confirm that while the 
mutations which are carried out in the C-terminal part 
of the protein exert an influence by diminishing the 
affinity of the enzyme for the substrate (KJ , they 
exert an even stronger influence by diminishing the 
affinity of the enzyme for the inhibitor (IC 50 ) . Thus, 
the ratio of the IC 50 of a mutant HPPD to the IC 50 of the 
non-mutant HPPD (which reflects the loss of affinity 
for the inhibitor) is 1000 and 500 for SyN 318 and SyA 



50 

318, respectively, whi le the ratio of the K_ ; of a mutant 
KPPD to the of the non-mutant HPPD (which reflects 
the loss of affinity for the substrate ) is 8 and 5 for 
SyN 318 and SyA 318, respectively. This illustrates 
very well the fact that, while these two mutants have a 
slightly lower affinity for the substrate of the 
enzyme, they in particular have a markedly lower 
affinity for inhibitors of the enzyme , including 
2 -cyano - 3 -eye lopropyl- 1 - ( 2 -methyl sulphonyl - 
4 - trif luoromethylphenyl ) propane -1 , 3 -dione . 

These results confirm that the colorimetric 
screening test described in Example 1 does indeed make 
it possible to detect mutated HPPDs which exhibit 
tolerance to inhibitors of HPPD activity. They validate 
the method which is being used to screen and identify 
HPPD mutants which are tolerant towards inhibitors of 
HPPD. While this screening method is rapid and simple 
to use, and this is why it is being employed, it is 
clear that any other method can be used in order to 
make a similar analysis; it would be possible to use 

- a screening method which measures activity, 
and its inhibition, and which is based on the 
disappearance of HPP (radioactive assay, 
spectrophotometric assay or other assay) or based on 
the consumption of oxygen or based on the appearance of 
homogentisate (with coupling to another enzyme 
activity) 

- an in vivo screening method, such as the 



■acteria on HP? as the sole carbon source in 
the presence of inhibitors of H?PD, thereby making it 
possible to select the only clones having a tolerant 
KPPD 

- it is similarly entirely possible to 
envisage using an in vivo screening in plants by 
employing plant transformation vectors, transformation 
systems, regeneration systems and selection systems 

with an inhibitor of HPPD, such as those described in 

Examples 5 and 8. 

Example 8: Evaluation of the unmutated and mutated HPPD 
of Synechocystis; SvN318 and mutated SvA318 in tobacco . 
A) Construction of the chimeric genes: 
The vector which is employed in order to make 
the construct which enables Synechocystis HPPD (wild- 
type or mutant) to be expressed in type PBD6 tobacco 
plants is designated pRD224 (described in Example 5) . 
This vector was initially conceived for cloning all the 
Pseudomonas HPPD mutants by simply replacing the 
truncated HPPD gene of this vector between the Kpnl and 
BstEII sites. It can also be used to clone the 
Synechocystis HPPD gene with a view to creating a 
transgenic plant. 

B) Cloning strategy 
The sequence encoding Synechocystis HPPD is 
cloned into the pRD224 vector by replacing the sequence 
encoding the truncated Pseudomona.s fluorescens HPPD. 
However, the Synechocystis HPPD sequence cannot be 



cioned directly between the Kpnl and BstEII sxtes since 
the N-terminal sequences of the Synechocyst is and 
Pseudomonas HPPD genes are very different. However, it 
is possible to clone between the BamHI site of the OTP 
and the BstEII site. In order to do this, it is 
necessary to recreate, from the 5' end, upstream of the 
HPPD sequence, the BamHI site followed by the part 
encoding OTP which is located downstream of BamHI. 

The Synechocystis HPPD gene which is present 
in the vector pTRC 99A is amplified by polymerization 
chain reaction (PCR) using primers A and B. The 
oligonucleotide A makes it possible to add the BamHI 
site upstream of the HPPD gene as well as a part of the 
OTP sequence between the BamHI site and the beginning 
of the gene. The oligonucleotide B makes it possible to 
add the BstEII site downstream of the gene. Primers A 
and B are depicted in SEQ ID NO 20 and 21: 
oligonucleotide A: 

5'NNNNNNNNNN GGATCCGGTG CATGGAATTC GACTATCTTC3 ' 

oligonucleotide B: 

5 ' NNNNNNNNNN GGTCACCAGT ATTCATAATG TTAATTATG3 < 

The amplification reaction is carried out at 

-r-<= i~\-f R?°r The PCR products 
a hybridization temperature of bz c. ine y 

are then separated on an agarose gel. The DNA band 
corresponding to the HPPD gene is cut out and purified. 

The fragments which have thus been amplified 
are digested with BamHI at 37°C for 1 hour and then 
with BstEII at 60°C for 1 hour. This insert is then 



ls olated on an agarose gel. The DMA band corresponding 
■zo the HPPD gene is cut out and purifiea. 

This fragment is then cloned into the binary 
vector. The latter has previously been digested with 
BamHI and BstEII and then separated from the fragment 
corresponding to the truncated HPPD on an agarose gel. 
This vector is then purified in the same manner as the 
HPPD gene. 

The ligation between the binary vector and 
the insert is carried out at,16°C overnight using T4 
DNA ligase. The ligation mixture is used to transform 
electrocompetent E. coli DH10B cells. The positive 
clones are selected on LB medium containing 50 ug/ml 
kanamycin. The presence of the insert of interest in 
the binary vector is checked on an agarose gel after 
carrying out a minipreparat ion and digesting the 
plasmid DNA with BamHI and SacI at 37 °C for 1 hour. The 
recombinant vector is then used to transform 
electrocompetent Agrobac terium tumefaciens EHA105 
cells. The selection is carried out on LB medium 
containing 50 jig/ml kanamycin. This recombinant vector 
is therefore carrying a T-DNA containing the gene for 
resistance to kanamycin, and a sequence encoding an 
OTP-Synechocystis HPPD unit under the control of the 
double histone promoter and a Nos terminator. 

C) Transformation/regeneration of the PBD6 

tobacco variety 

The transformation is performed as described 
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, 5 except that the selection is first of .11 

in Example 5 except 

, „=ina 200 mg/ml kanamycin. 
rr j_ e d out using ^ 

gained on ~cln are e, iS . ana — ^ 

i^kina hormones, m order 
individually onto a medium lacking 

ot . their rooting, and containing 2-=yano- 
to promote cneii j. 

, , (2 _ m ethylsulphonyl-4- t rifluoromethyl- 
3-cyclopropyl-l" (2 metny 

; ^ nrripr to select the 

phenyl) propane -1,3 dion 

v.-^ ^-re tolerant to this 
ant-lets which are uux<= 
transgenic plantietb 

, m is MS medium (SIGMA M-5519 
herbicide. The medium is MS ^ 

■ -nn 350 mg/1 cefotaxime, 1% sucrose 
4 4 g/D containing 350 mg/ 

* o_rvano-3-cyclopropyl- 
(w/v) and 0 or 8 ppm of 2 cyano 

l (2 _methylsulphonyl — if luoromethylphenyl ) propane- 
, 3-dione. The overproduction of HPPD in the 

f ed cells enables chlorophyllous plantlets to 
transformed cen^ 

h . ch are to lerant to 2-=yano-3-cyclopropyl- 
develop which are cu-l 

^ vl 4 _ tri fluoromethylphenyl)propane- 
1 _ (2 -methylsulphonyl-4 trir 

w ^ile t*e plantlets which are derived from 

1 3-dione, while tine y 

• ^Vi ^r-^ sensitive to the 
^transformed cells, and whrch are 

, herbicide, appear totally white. ff . 

) . ^v, e r^ots are sufficiently 

After two weens, ^~ 

i nt-lets to be transferred into soil 
developed for the plantlets 

and cultivated in a greenhouse. 

D) Results 

In the case of each construct, approximately 

15 ^d from an average of 60 foliar 

^r-e regenerated trom 
40 shoots are r«a _ 

culture on a medium m the 
discs. After 2 days of cuitur 

0 3 _cyclopropyl-l-(2-methylsulphonyl- 

presence or z 



4-trif luoromethylphenyl ) propane -1 , 3 -dione, some 
plantlets begin to turn white. After 8 days of rooting, 
this whitening is sufficiently significant to be 
interpre table . At 8 ppm of 2 -cyano-3 -cyclopropyl- 
1 - ( 2 -me thyl sulphonyl -4 - tr if luoromethylphenyl ) propane - 
1,3 -dione, it is observed that only 40% of the plants 
harbouring the wild-type enzyme survive as against 72% 
for the plants harbouring the enzyme SyA318 and 88% for 
those harbouring the enzyme SyN318. The plants 
harbouring the mutated enzymes therefore exhibit a 
tolerance which is superior to that of the plants 
harbouring the wild-type enzyme. 

After more than a month on 8 ppm of 2-cyano- 
3 - eye 1 opropy 1 - 1 - ( 2 -me thy 1 sulphonyl - 4 - 1 r i f luoromethyl - 
phenyl ) propane-1 , 3 -dione , the number of green plantlets 
in the case of transformation with the wild-type HPPD 
is 0%, while in the case of SyN318 this percentage is 
17% and in the case of the mutant SyA318 it is 19%. 

In parallel, if the regeneration is carried 
out in the presence of concentrations of from 5 to 
10 ppm of 2-cyano-l- [4- ( me thyl sulphonyl ) -2- tr if luoro- 
methylphenyl ] -3 - ( 1-methylcyclopropyl ) propane-1 , 3 -dione 
(EP 496630) (a weaker inhibitor of the HPPDs), the 
three genes make it possible to obtain plants which are 
morphologically entirely in keeping. This confirms, if 
this were necessary, that overexpression of a mutated 
or unmutated HPPD makes it possible to obtain tolerance 
in the laboratory. 
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These results appear to be in agreement with 
the results obtained in vitro by means of enzyme 
kinetics and it appears to be definitely possible to 
establish a correlation between the in vitro 
biochemical measurements and the results obtained 
in vivo. 

This latter example confirms that there is at 
least partial consistency between the screening in 
vitro (Example 1), the biochemical analysis (Example 6) 
and the tolerance of a plant. 



57 



SEQUENCE LISTING 

(1) GENERAL INFORMATION 

NUMBER OF SEQUENCES : 21 

(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE : nucleotide 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
GAAGTTGCCC TCGCCCCACC CATCGTCGCC CTT 
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(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
GAAGTTGCCC TCGCCRAKCC CATCGTCGCC CTT 
(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CTTGAAGTTG CCCTCCCAAA ACCCATCGTC GCC 
(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CTTGAAGTTG CCCTCGTCAA ACCCATCGTC GCC 



(2) INFORMATION FOR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CTTGAAGTTG CCCTCGCTAA ACCCATCGTC GCC 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CTTGAAGTTG CCCTCRAKAA ACCCATCGTC GCC 
(2) INFORMATION FOR SEQ ID NO : 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE : nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CAGCGCCTTG AAGTTGTCCT CGCCAAACCC ATC 
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(2) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 
CAGCGCCTTG AAGTTYTCCT CGCCAAACCC ATC 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CAGCGCCTTG AAGTTCCACT CGCCAAACCC ATC 

(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 2 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CAGCGCCTTG AAGTTDACTC GCCAAACCCA TC 
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(2) INFORMATION FOR SEQ ID NO : 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 2 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 
CGCTTGAAGT TNNNCTCNNN AAACCCATCG TC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GAACAGCGCC TTGAARAKGC CCTCGCCAAA CCC 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GCCTTCCACG GAAGATTCGT CCAGCAGGAT ACC 



(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
TCGAGAGAGA GGTGACCGAG AGA 

(2) INFORMATION FOR SEQ ID NO : 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE : nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
TCGATCTCTC GGTCACCTCT CTC 

(2) INFORMATION FOR SEQ ID NO : 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE : nucleotide 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
ATTATGGAAT TCGACTATCT T 



(2) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 23 base pairs 

(B) TYPE : nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CAGTATTCAT AATGTTAATT ATG 



(2) INFORMATION FOR SEQ ID NO: 18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CGGGCAAAAG GATTTARCCA AGGAAACTTT CAAG 



(2) INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CGGGCAAAAG GATTTSCNCA AGGAAACTTT CAAG 



(2) INFORMATION FOR SEQ ID NO : 20: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 20: 
NNNNNNNNNN GGATCCGGTG CATGGAATTC GACTATCTTC 

(2) INFORMATION FOR SEQ ID NO : 21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: single. 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
NNNNNNNNNN GGTCACCAGT ATTCATAATG TTAATTATG 



CLAIMS 

1. Functional mutated HPPD which is less 
sensitive to HPPD inhibitors, characterized in that it 
contains at least one mutation in its C- terminal part. 

2. Mutated HPPD according to claim 1, 
characterized in that the C-terminal part of the enzyme 
differs from its N-terminal part by a linking peptide. 

3. Mutated HPPD according to claim 2, 
characterized in that the linking peptide representing 
the N-terminal end of the C-terminal part of the HPPD 
is located between 5 and 15 amino acids upstream of the 
amino acid Aspl61, with reference to the Pseudomonas 
HPPD. 

4. Mutated HPPD according to one of 
claims 1 to 3, characterized in that the C-terminal 
part consists of the protein sequence which is 
contained between the linking peptide, on the one hand, 
and the C-terminal end of the enzyme, on the other 
hand . 

5. Mutated HPPD according to one of 
claims 1 to 4, characterized in that the mutation is 
effected on amino acids which are replaced with amino 
acids which exhibit greater steric hindrance. 

6. Mutated HPPD according to one of 
claims 1 to 5, characterized in that the mutation is 
effected on amino acids which exhibit low steric 
hindrance . 

7. Mutated HPPD according to claim 6, 



characterized in that the amino acid of low steric 
hindrance is glycine (Gly) or proline (Pro) . 

8. Mutated HPPD according to one of 
claims 1 to 7 , characterized in that the amino acid of 
the mutation site is replaced with one of the following 
amino acids: glutamine (Gin), glutamic acid (Glu) , 
leucine (Leu), isoleucine (He) or tryptophan (Trp) . 

9. Mutated HPPD according to one of 
claims 1 to 8 , characterized in that the mutation is 
effected on an amino acid of the C-terminal part which 
is common to several HPPD sequences. 

10. Mutated HPPD according to one of 
claims 1 to 9 , characterized in that it contains, in 
its C-terminal part, the following peptide sequence: 

- phe - Xaa - Glu - Xab - Asn - Phe - 
in which Xaa and Xab, independently of each 
other, represent glycine (Gly) or an amino acid which 
exhibits a hindrance which is greater than that of 
glycine, with it being understood that if either Xaa or 
Xab represents Gly, the other amino acid is then 
different from Gly - 

11. Mutated HPPD according to claim 10, 
characterized in that at least one of Xaa and Xab 
represents Leu, Glu, Trp or He. 

12. Mutated HPPD according to claim 11, 
characterized in that Xab represents Glu, Trp or He, 

preferably Trp. 

13 . Mutated HPPD according to one of 
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claims 1 to 12, characterized in that, with reference 
to the Pseudomonas HPPD sequence, the mutated amino 
acids are selected from the following amino acids: 
Pro215, Gly298, Gly332, Phe333, Gly334 and Gly336. 

14. Mutated HPPD according to claim 13, 

characterized in that the mutated amino acids are 
selected from Pro215 and Gly336. 

15. Mutated HPPD according to claim 13, 
characterized in that it contains a mutation which is 
selected from the following mutations: Pro215Leu, 
Gly336Glu, Gly336Trp or Gly336lle. 

16. Nucleic acid sequence which encodes a 
mutated HPPD according to one of claims 1 to 1 5 . 

17. Chimeric gene which comprises a coding 
sequence as well as heterologous regulatory elements, 
in the 5' and 3' positions, which are able to function 
in a host organism, characterized in that the coding sequence 
contains at least one nucleic acid sequence which 
encodes a mutated HPPD as previously defined. 

18. Chimeric gene according to claim 1 7 , 
characterized in that the host organism is selected 
from bacteria, yeasts, fungi, baculoviruses or plant 
cells and plants . 
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19. Chimeric gene according to claim 18, 
characterized in that the bacteria is E . coli. 

20. Chimeric gene according to claim 18, 
characterized in that the yeast is Saccharomyces , 
Kluyveromyces or Pichia. 

21. Chimeric gene according to claim 18, 
characterized in that the fungi is Aspergillus. 

22. Chimeric gene according to claim 18/ 
characterized in that the host organism is a plant cell 

or a plant. 

23. Chimeric gene according to claim 22, 



characterized in that it contains, 5' of the nucleic 
acid sequence which encodes a mutated HPPD, a nucleic 
acid sequence which encodes a plant transit peptide, 
with this sequence being arranged between the promoter 
5 region and the sequence encoding the mutated HPPD so as 
to permit expression of a transit peptide/mutated HPPD 
fusion protein. 

24. Transit peptide/mutated HPPD fusion 
protein, with the mutated HPPD being defined in 

10 accordance with one of claims 1 to 15. 

25. Cloning and/or expression vector for 
transforming a host organism, characterized in that it 
contains at least one chimeric gene according to one of 

claims 17 to 23 . 
15 26. Method for transforming a host organism, 

characterized in that at least one nucleic acid 

sequence according to claim 1 6 or one chimeric gene 

according to one of claims 1 7 to 23 is stably 

integrated into the said host organism. 
20 27. Method according to claim 26 , 

characterized in that the host organism is a plant 

cell. 

28. Method according to claim 27, 
characterized in that a plant is regenerated from the 

25 transformed plant cell. 

29. Transformed host organism, characterized in 
that it contains a nucleic acid sequence according to claim 16 
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or a chimeric gene according to one of claims 17 to 23. 

30. Plant cell, characterized in that it 
contains a nucleic acid sequence according to claim 1 6 
or a chimeric gene according to one of claims 17 to 23. 

31 . Transformed plant, characterized in that 
it contains transformed cells according to claim 30. 

32. Plant according to claim 31 , 
characterized in that it is regenerated from the 
transformed cells according to claim 30. 

33. Transformed plant, characterized in that 
it is derived by cultivating and/or crossing the 
regenerated plants according to claim 32. 

34. Transformed plants according to one of 
claims 31 to 33, characterized in that they are 
selected from monocotyledones or dicoty ledones . 

35. Transformed plants according to claim 
34, characterized in that they are monocotyledones 
selected from cereals, sugar cane, rice and maize. 

36. Transformed plants according to claim 
34, characterized in that they are dicotyledones 
selected from tobacco, soya bean, rape, cotton, 
beetroot and clover. 

37a Seeds of the transformed plants 
according to one of claims 31 to 35. 

38. Method for controlling weeds in an area 
of a field which contains transformed seeds according 
to claim 37 or plants according to one of claims 31 to 
35, which method consists in applying, to the said area 
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of the field, a dose of an HPPD inhibitor herbicide 
which is toxic for the said weeds, without, however, 
significantly affecting the seeds or plants which have 
been transformed with the said chimeric gene according 
to the invention. 

39. Method for cultivating the plants which 
have been transformed according to one of claims 31 to 
35, which method consists in planting the seeds of the 
said transformed plants according to claim 37 in an 
area of a field which is appropriate for cultivating 
the said plants, in applying, if weeds are present, a 
dose, which is toxic for the weeds, of a herbicide 
whose target is the HPPD to the said area of the said 
field, without significantly affecting the said 
transformed seeds or the said transformed plants, and 
in then harvesting the cultivated plants when they 
reach the desired stage of maturity and, where 
appropriate, in separating off the seeds of the 
harvested plants. 

40. Method according to either of claims 38 
and 39, characterized in that the KPPD inhibitor is 
selected from isoxazoles, diketoni tr i les , triketones, or 
pyrazolinates . 

41. Method according to claim 40, wherein 
the KPPD inhibitor is i soxaf lutole . 
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42. Method according to claim 40, wherein 

the HPPD inhibitor is 2 -cyano-3 -cyclopropyl-1- 
(2-S0 2 CH 3 -4-CF 3 phenyl)propane-l, 3-dione and 2-cyano-3- 
cyclopropyl-1- (2-S0 2 CH 3 -4-2 , 3 Cl 2 phenyl ) propane-1 , 3 - 
dione, 

43. Method according to claim 40, wherein 
the HPPD inhibitor is sulcotrione. 
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RIIONE-POULENC AGRO 
COMPLETE SPECIFICATION 
APPLICATION NO 98/10076 



6 SHEETS 
SHEET 6 



fluoresces : 3ac:er:e; 3 57 aa 
s { Cyanobac ce r le y 33 9 aa 

S eq_lMADL YENPMGL MGFEFIELAS PTPNTLEPIF E . IMGFTKYA THRSKD . . VH 
Seq_2 MEFDYLHLYY DDYQS AHRCY QRQWGFTCVN KIITDQGITG 

Seq_l LYRQGAINLI LNNEPHSVAS Y . . FAAEHG? SVCGMAFRVK DSQKAYKRAL 
Seq_2 IYQQGQILLL ISASESSL3R YADYLQKKP? GVGEVAWQVA NWQKIQKQLS 



S eq_ 1 : HPPD de Pseudcmcr.as 
5eq_2 : HP?D de SyT.echocys t i 



Seq_I ELGAQPIHIE TGPMELNLPA IKGIGGAPLY LIDRFGEGSS IYDIDFVFLE 
Seq_2 EL. . . .Q.IE TTPVIH . .PL TKAEGLTFLL WGD T /H . . . HS I YPVRS ELNQ 

Seq_l GVDRHPVGAG LKIIDHLTHN VYRGRMAYWA NFYSKLFNFR EIRYFDIKGE 
Seq_2 NKTLH. . GVG L T T I D HW L N IAADQFTQAS QWYQQVFGWS VQQSFTVNTP 

Seq_I YTGLTSKAMT APDGMIRI PL NEESSKGAGQ IEEFLMQFNG EGIQKVAFLS 
Seq_2 HSGLYSSALA SANGKVQFML NCPTNN.SSQ I Q T F L ANNTi G AGIQHVAFST 

Seq_l DDLIKTWDHL KSIGMRFMTA PPDTYYEMLE GRLPNHG . E? VGELQ ARGIL 
3eq_2 TS ITRTVAKL RERGVNFLKI PTGYYQQQRN SSYFNTASLD WDTLQCLEIL 

Seq_l LDGSSESGDK RLLLQI FSST LMGP . . VFFE FIQRKG.DDG FGEGNFKALF 
Seq_2 LDDQDNTG . E RLLLQI FSQP CYGVGTLFWE I IERRHRAKG FGQGNFQALY 

Seq_l ESIERDQVRR GVLSTD 
Seq_2 EAVETLEKQL EVP.. 

FIG 3 
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